Abstract. High amount of calcium oxide (CaO) in source material is known to positively influence the mechanical strength of fly ash based geopolymer. This study was conducted to investigate the suitability of paper mill sludge ash (PMSA) to partially replace fly ash in geopolymer mortar based on its degree of reaction. Fly ash was activated by a combination of sodium silicate solution and 6 M sodium hydroxide solution. The mixtures were designed to replace fly ash content with PMSA at 5%, 10% and 15% (by weight of fly ash). To observe its effect on the mechanical strength, the specimens were cured in three different temperatures, which are 30°C, 60°C and 90°C for 24 hours. After 24 hours, the hardened specimens were demoulded and placed at room temperature until the testing days. Measurement on fresh geopolymer properties was conducted with setting time and flowability tests, while degree of reaction tests was conducted on the hardened specimen. Based on the results, 5% PMSA demonstrated superior degree of reaction than other mixtures, particularly at higher curing temperature.
Introduction
In recent times, geopolymer is gaining attention and interest in the construction industry because of its advantages that utilize waste product to reduce greenhouse gases emission, high early strength, low creep and shrinkage and temperature resistant. Previous studies revealed many factors that contribute to the enhancement of mechanical behavior and durability properties of geopolymer, such as chemical oxide composition of aluminosilicate source, alkali activator, curing temperature, admixtures, and mix design. Nevertheless, only few researchers focused their attention towards the effect of high amount of calcium oxide (CaO) content in the source material of geopolymer. Several findings stated positive effects that was contributed by high calcium compounds in the source material towards compressive strength performance.
Temuujin et al., (2009) investigated the effect of calcium compounds on the mechanical properties of fly ash geopolymer paste and discovered the enhancement of mechanical properties of fly ash based geopolymer with the inclusion of calcium compound (CaO) at room temperature [1] . The presence of calcium compound has produced the formation of calcium silicate hydrate or calcium silicate aluminate hydrate phases and simultaneously increase the dissolution rate of fly ash in the alkali medium. Meanwhile, Chindaprasirt et al., (2011) studied the production of high strength geopolymer by-using fine high-calcium fly ash [2] . Utilization of fine high-calcium fly ash has produced geopolymer mortar that achieved the compressive strength up to 86.0 MPa at 28 days. Moreover, the geopolymer mortar kept on gaining compressive strength when stored in a normal atmospheric condition after the initial heat-curing period. Topark Ngarm et al. (2015) review on the effect of high calcium fly ash geopolymer concrete in term of setting time, strength and bonding [3] . He also noticed that, the utilization of high calcium fly ash in geopolymer was very useful as it produce high compressive strength with high bond strength between concrete and rebar. The compressive strength increases with the increment of NaOH concentration and curing temperature. Meanwhile, Anuar et al., (2013) has observed on the effect of strength characteristics of geopolymer concrete containing recycled concrete aggregate and waste paper mill sludge ash (WPSA). The results revealed that less than 10% of WPSA content in the mixture gave a positive effect on mechanical performance of geopolymer [4] .
It is apparent that the existence of calcium contain in fly ash based geopolymer system will affect the mineralogical composition of its reaction product. In fact, the ability to gain high early strength was also presumed to be related with rapid setting time characteristic. Therefore, the effect of high amount of calcium in paper mill sludge ash (PMSA) in fly ash based geopolymer mortar was investigated in this study. Various curing temperatures were introduced to the geopolymer specimen to obtain the fundamental knowledge on its reaction.
Methodology
The main source material used in this research was Class C fly ash (SiO 2 + Al 2 O 3 + Fe 2 O 3 > 50% and CaO > 10%). Fly ash was collected from Manjong coal fired power plant, Perak while PMSA was collected from Malaysian Newsprint Industry, Mentakab. The chemical compositions of fly ash and PMSA were examined by X-Ray Fluorescence (XRF) and the results are presented in Table 1 . PMSA was utilized in this research to evaluate the reactivity of high calcium from alternative source in geopolymer system. Sodium silicate solution and 6 M of sodium hydroxide solution were selected as alkali activator in this study. NaOH solution was prepared at least one hour prior to the mixing process to avoid any excess heat liberated from NaOH dissolution. Sodium silicate solution used in this research had the modulus ratio (Ms) of 2, where Na 2 O=14.73 %; SiO 2 =29.75 % and H 2 O=55.52 %. Fresh geopolymer mortar was cast into 50 mm steel cubes and cured in an electronic oven for 24 hours with various temperatures (30ºC, 60ºC, and 90ºC). To observe the effect of various curing temperature on the properties of geopolymer containing paper mill sludge ash, degree of reaction, compressive strength and porosity test were conducted on the hardened specimen. Table 2 shows the detail of mixture proportions used in this study. 
Result and Discussion
Analysis on the properties of fresh and hardened geopolymer mortar through series of tests in this study would provide additional knowledge to the roles of calcium from alternative source, i.e. paper mill sludge ash, in geopolymerization process.
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Fig. 1. Setting time of geopolymer containing paper mill sludge ash
It is believed that the increasing amount of PMSA in geopolymer mortar has affected the cations and presented an acceleration to the initial setting time. It is supported by Kusbiantoro et al. (2012) and Duxson and Provis (2008) that stated the presence of high contain CaO in fly ash contributed to rapid stiffening [5, 6] . As stated by Duxson et al. (2006) , amendment on cations would play an important role in altering the products of geopolymerization [7] . The presence of high amount of calcium oxide (CaO) in PMSA could interfere the polymerization process and alter the microstructure [8, 9, 10] . Meanwhile, Lee and Van Deventer (2002) detected that the presence of calcium in source materials produces extra nucleation sites for precipitation of dissolved species and it contributed to rapid hardening [11] . Lee and Van Deventer (2002) have mentioned that even small inclusion of soluble calcium in Class (F) fly ash based geopolymer could reduce the setting time due to the impact on its yield stress [11] . Meanwhile, Justnes (2005) states that the increment in the concentration of calcium cations would boost the low calcium oxide content in fly ash hence would accelerate the initial setting time [12] . Regardless of its effect to the acceleration of setting time, the presence of high calcium in geopolymer mortar would lead to the rapid formation of alumino-silicate gel, which may produce geopolymer with high early strength.
Generally, characteristic of workability will depend on its viscosity properties. Enhancement of viscosity level of gel in the geopolymerization process affect the flowability of geopolymer mixture. The viscosity of the mixture directly relies on the entropy of mixture which related with the fluid's structure and enthalpy, which will subsequently influence the molecular interaction of particles in the mixtures [13] .
Degree of reaction.
A consistent trend of degree of reaction is presented in Table 3 , where the escalation of degree of reaction follows the increase of curing period and temperature. In all specimens, the inclusion of PMSA reached the optimum value at 5% replacement, despite of its curing temperature. The presence of additional calcium from PMSA was believed to accelerate the formation of alumino-silicate gel resulting in Si-O-Si, Si-O-Al and Al-O-Al structures [14, 15] .
The extension of curing time from 1 day to 28 days also played a major role in this increment of degree of reaction. It is mainly influenced by the presence of higher silica content, which would increase the availability of silicate for condensation process to form more oligomeric silicate [15] . Nevertheless, excessive amount of Ca precursors leached out from the glassy phases in the fly ash and PMSA would precipitate on the surface of fly ash particles, which would further impede the dissolution of fly ash particles and increase the amount of unreacted fly ash particles [16] . Therefore, a descending trend of degree of reaction was observed beyond 5% replacement level due to higher amount of PMSA in the system. 
Conclusion
Based on the presented results, the inclusion of PMSA in geopolymer mortar presented a positive effect to the degree of reaction in geopolymerization. It consistently performed higher degree which would directly relate to the compressive strength performance. Introduction of elevated temperature has affected the period of dissolution of precursors from the amorphous phases in fly ash and PMSA particles and accelerated the development of solid structure, particularly in the early-phase of geopolymerization. However the use of PMSA at higher replacement level would require attentive method, since it possesses shorter setting time, lower flowability, and lower degree of reaction. Nevertheless, the use of PMSA in geopolymer mixture has demonstrated a prospective outcome and could be used as one of the alternative for additive in geopolymer mixture.
